INTRODUCTION
The proposed conceptual soil erosion model (Supplement 1) aims to visualize the processes of the soil erosion and sediment transport in way, which can be easily understood by the general public that are not familiar with basic geomorphic processes. The developed conceptual soil erosion model tries to capture several interconnected geomorphological process, which control the long-term variations in the suspended sediment and bed load yields at the catchment scale. The model partitions the real complex topography into lowland and hilly areas, each with their own unique characteristics. Both areas are strongly inter-connected and the behavior in the lowland area is mostly driven by the processes in hilly area. The graphical visualization of the dominant processes, which occur in the Alpine space and are mostly initiated by extreme hydro-meteorological events, enables the reader to get a brief insight into the complexity and interconnectivity of soil erosion, suspended sediment and bedload transport processes.
DESCRIPTION OF CONCEPTUAL SOIL EROSION MODEL SCHEME
Inspired by Savenije (2010) , who discussed the topography driven conceptual modelling scheme for hydrological applications, we propose the conceptualization of soil erosion and with this phenomena connected hydrological processes based on the field observations and monitoring results, which were performed in the Gradaščica River basin. Savenije (2010) separated the real complex landscape into three subsystems, namely wetland, hillslope and plateau. Each of these classes has its own unique characteristics (e.g. land use, dominant runoff mechanism, process time scales etc.) and for each of these sub-systems a unique conceptual model can be applied. Fig. 1 shows the elevation map and Fig. 2 the slope map of the Gradaščica River basin down to the water station Dvor and clearly the landscape can be roughly separated into two major sub-systems. The headwaters are mainly located in the western and especially in northern part of the Gradaščica River basin, where also both experimental sub-catchments (Kuzlovec and Mačkov graben) are located. The lowland part of the catchment covers less area and it is mostly located in the south-eastern part of the Gradaščica catchment. The dominance of the complex topography, which is classified as a hillslope in the conceptualization of the soil erosion processes, indicates the torrential behaviour of the streams, which are inflows of the Gradaščica River. Furthermore, the lowland areas are mostly located closer to the main stream (Gradaščica River) than hillslope areas. Likewise, the elevation increases with increasing distance from the main stream channel. In the next two sub-sections the dominant erosion and transport processes in both sub-systems (lowland and hill slope) will be briefly described. However, despite the fact that conceptual soil erosion scheme was developed based on the Gradaščica River basin soil erosion process observations; we believe that the suggested scheme can be also applied to other areas in the Alpine space. Furthermore, one of the main objectives during the scheme development was that final results can be also understood by the broad audience, which are not familiar with the geomorphology, hydrology and similar earth system sciences.
HILLSLOPE
In the Gradaščica River basin the hillslope area is the dominant sub-system. The predominant processes are definitely the soil erosion and large mass movements processes. During the normal and non-intensive hydro-meteorological conditions, which are most often, the rill erosion is the most noticeable processes in the hill slope areas. One of the special features of the Gradaščica River basin with regards to other Alpine areas are relatively low elevations, which are below the treeline. These means that hillslope areas are mostly forested and therefore the rainfall interception by vegetation plays a significant role in reducing the intensity of soil erosion processes. Splash erosion, which occurs when the rain drop hits the bare soil, is therefore greatly reduced comparatively with others Alpine catchments, which are located above the treeline. Consequently, also sheet erosion and rill erosion are reduced. However, in areas without significant vegetation cover, rill erosion was frequently observed in the Gradaščica River catchment. The rill erosion starts when flow begins to concentrate (this is mainly during rainfall events with longer duration) and this type of erosion was observed during the field surveys, however the sheet erosion is harder to notice, but this type of erosion is the link between the rain drop and rill erosion.
In contrast, during the extreme events when rainfall intensities are high, other types of erosion processes become dominant. The gully erosion, which is continuation process of the rill erosion in cases when rainfall amounts and intensities are increased (above some threshold), induces more significant soil erosion processes. During such events less rainfall is intercepted by the vegetation and consequently the splash and sheet erosion are also more significant. These extreme rainfall events can cause flash floods or trigger (shallow) landslides. In the Gradaščica River basin such event happened in August 2014, when the rain gauges measured about 140 mm of rainfall in 9 hours, which corresponds to mean rainfall intensity of about 15 mm/h; however the maximum one minute rainfall intensities measured by the disdrometer exceeded 250 mm/h. This event caused intensive soil erosion processes, especially gully erosion, some rock falls and about 50 shallow landslides were also observed during field surveys. Additionally, during some other similar meteorological event even debris flow could be triggered by similar or even less extreme rainfall amounts and intensities (the case of the Slano Blato, Strug and Log pod Mangrtom landslides in Slovenia; see Mikoš et al, 2004a , Mikoš et al, 2004b Mikoš et al., 2006) , depending on local hydrogeological conditions. One of the special features of the Gradaščica River basin are also large amounts of fallen woods and potential wood debris, which are mainly consequence of the ice rain (sleet) event, which occurred earlier in the year 2014. This woody debris can also accelerate soil erosion processes in the headwaters. In the Alpine space area we should also not overlook the erosion processes, which are connected with snow events (avalanche erosion, ice rain induced erosion), however due to the relatively low elevations in the Gradaščica River basin these processes were not considered to be among the most dominant.
Most of the processes in hill slope areas occur very fast. The woody debris, smaller and larger soil particles, gravel, rocks are quickly transported by water as bedload, suspended load or woody debris. Due to the complex topography and steep slopes in the hillslope areas, the water flow velocity is generally high; therefore the sediment and wood deposition can only occur in local ponds (depressions). However, most of the sediments and wood is generally transported downstream and deposited in the lowland area.
LOWLAND
In lowland areas the slopes are less steep and the landscape is flat meaning that water flows slower and rivers could forms meanders. The predominant process in the lowland is sediment and wood deposition, which mostly occurs in alluvial and torrential fans where the water does not have enough power to transport the sediments further downstream. Additional sediment movements in the lowland are caused by stream channel erosion, which combines stream bank and stream bed erosion. However, with regards to the erosion processes in the hill slope areas especially during extreme events, these processes do not have the same order of magnitude. Furthermore, e.g. stream bed erosion processes is connected with erosion processes in the headwaters. This process is activated when bed is not in stable condition, which is mostly in cases where large amounts of sediments are delivered from upstream areas. During moderate rainfall events the splash erosion can become more noticeable soil erosion process in the lowland areas due to the fact that agriculture areas and pastures are more typical land-use types compared to hillslope sub-system where forest is dominant land-use type (rainfall interception). Furthermore, all processes typically connected with lowland generally happen more slowly in comparison with processes in the hillslope.
OVERVIEW OF THE MAIN SOIL EROSION PROCESSES
There are several ways of classifying erosion. One general way is to distinguish between accelerated and geological erosion. Geological erosion occurs where soil is in its natural environment surrounded by its natural vegetation without human disturbance. Geological erosion has been taking place naturally for millions of years and it helps to create balance in uncultivated soil that enables plant growth. It's a relatively slow continuous process that often goes on unnoticed. Accelerated erosion is a concept referring to an essentially natural process occurring at an increased rate under conditions of ecological disequilibrium. Accelerated erosion is the most dangerous type and it needs concerted efforts through careful planning and implementation of appropriate control measures. From the process point of view, the following classification of the soil erosion processes is usually made.
Splash erosion
Splash erosion is the first stage of the erosion process. It occurs when raindrops hit bare soil. The explosive impact breaks up soil aggregates so that individual soil particles are 'splashed' onto the soil surface. The splashed particles can rise as high as 60cm above the ground and move up to 1.5 meters from the point of impact. The particles block the spaces between soil aggregates, so that the soil forms a crust that reduces infiltration and increases runoff.
Sheet erosion
Sheet erosion refers to the uniform movement of a thin layer of soil across an expanse of land devoid of vegetative cover. Raindrops detach soil particles, which go into solution as runoff occurs and are transported downstream to a point of deposition. Deposition occurs when runoff slows to the point where soil particles can no longer remain in suspension. Tilled agricultural fields and construction sites are subject to sheet erosion.
Rill erosion
When sheet flows begin to concentrate on the land surface, rill erosion occurs. While sheet erosion is generally invisible, rill erosion leaves visible scouring on the landscape. This type of erosion occurs when the duration or intensity of rain increases and runoff volumes accelerate. Rills may become stable through soil consolidation; however, they are still the major sediment transport route for soil detached on the interrill areas. Improved understanding of the ability of rain-impacted flows in rills to transport sediment is needed to improve our estimates of sediment transport and delivery.
Gully erosion
Rill erosion evolves into gully erosion as duration or intensity of rain continues to increase and runoff volumes continue to accelerate and concentrate. A gully is generally defined as a scoured out area that is not crossable with tillage or grading equipment.
Stream channel erosion
Stream channel erosion consists of both stream bed and stream bank erosion. Stream bed erosion occurs as flows cut into the bottom of the channel, making it deeper. This erosion process will continue until the channel reaches a stable slope. The resulting slope is dependent on the channel materials, and flow properties. As the stream bed erodes, and the channel deepens, the sides of the channel become unstable and slough off; resulting in stream bank erosion. Stream bank erosion can also occur as soft materials are eroded from the stream bank or at bends in the channel. This type of stream bank erosion results in meandering waterways. One significant cause of both steam bed and stream bank erosion is due to the increased frequency and duration of runoff events that are a result of urban development.
Tunnel erosion
Tunnel erosion occurs when surface water moves into and through dispersive subsoils. Dispersive soils are poorly structured so they erode easily when wet. The tunnel starts when surface water moves into the soil along cracks or channels or through rabbit burrows and old tree root cavities. Dispersive clays are the first to be removed by the water flow. As the space enlarges, more water can pour in and further erode the soil. As the tunnel expands, parts of the tunnel roof collapse leading to potholes and gullies. Indications of tunnel erosion include water seepage at the foot of a slope and fine sediment fans downhill of a tunnel outlet. Remediation actions include breaking open existing tunnels, revegetation, and increasing soil organic matter. Extensive earthworks may be required.
Tillage erosion
Tillage erosion moves soil from the top of the field downward, exposing subsoil at the crest while burying soil at the bottom. After many years of tillage, topsoil accumulates at the bottom of the slope. No soil leaves the field due to tillage erosion, but the effects for productivity and increased yield variability can be huge.
